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Abstract 
Dependence on, and demand for oil and oil products grow every year.  This inevitably leads to the development of infrastructure 
for the production, processing, storage and transport of this resource. This gives rise to the need for the construction of new, 
efficient large-volume petroleum reservoir, which would feature lower construction and operation costs while meeting stricter 
fire safety requirements. 
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1. Introduction 
Currently in the world practice the most common containers are made of metal and concrete structures. Thought, 
such reservoirs have some limitations in use, so for metal reservoirs problematic moments are the low resistance of 
the wall, susceptibility to corrosion, a relatively small fire and a large amount of material. For reinforced concrete 
reservoirs is dangerous cracking, water resistance, frost resistance, especially in the far north. 
For long time the scientists are working on the creation of reservoirs of complex of materials that would preserve 
the positive characteristics of metal and concrete reservoirs and would remove the disadvantages. 
One of the first reservoirs with such construction was offered in the USA [1]. It was a reservoir with a multilayer 
wall, with including of inner metal shell, insulation material and the outer monolithic concrete shell. (fig. 1).  
This reservoir consists of an inner metal shell - 1, insulating material - 2, monolithic reinforced concrete outer 
shell – 3.  
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Fig. 1. The cross section of the reservoir (a), a fragment of the reservoir wall sections (b) 
Inner metal shell and reinforcement of reinforced concrete shells are the main bearing elements of the reservoir, 
perceiving tensile forces. 
The advantages of this construction is the fact that the concrete of the outer shell protects the metal layer from 
corrosion and fittings, provides resistance of wall and increases the fire resistance of the reservoir. Due to the fact 
that the concrete compresses the metal shell, its rigidity increases, thus the thickness of the metal shell throughout 
the height of of the reservoir remains constant, which leads to a substantial saving of metal. 
 However, besides the marked advantages the reservoir also has several disadvantages. They consist in the 
complexity of the construction of the structure, necessity of an external device to generate concrete formwork shell 
and the complexity of the structure calculation. Also in this construcrtion  the effect of the slip relative to each other 
layers in the structure is not taken. Besides, such a reservoir is designed to store a small volume of the product, as of 
wall construction is not capable of receiving large tensile forces. 
Another multilayered reservoir [2], It includes an inner sealing metal shell and the outer shell of prestressed 
supporting team, consisting of reinforced concrete blocks (fig. 2).  
This reservoir consists of an inner metal shell - 1, precast concrete outer shell  - 2, rebars - 3. 
As in the first example in  the reservoir inside metal shell and precast concrete cladding fittings are the main 
load-bearing elements of the reservoir, perceiving tensile forces. 
A distinctive feature of this of the reservoir is a reinforced concrete outer shell, which is carried out separate team 
of prestressed concrete block. In each block, there are vertical and horizontal links across the length of the block 
through which to interface blocks and further prestressing reinforcement shell passed uniting. This solution allows 
the outer shell to perceive large tensile forces, thus possibly build reservoirs larger volume. 
This design has all the positive qualities of the reservoir described in the first example, in addition  the possibility 
of increasing the derived volume of the reservoir, eliminating the need for the use of the formwork to create an outer 
shell. 
The main disadvantage of the described construction is a peripheral reinforcement, predetermining a large 
deformability, the difficulty of creating the prestressing in the outer shell and a large volume of work. 
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 constructive solution of the reservoir with a multilayer wall is interesting [3], including an interior sealing metal 
sheath, an outer bearing shell of interconnected arched elements. The space between the inner and outer bearing 
shells can be filled by plugging material (fig. 3).  
 
 
Fig. 2. Detail of the reservoir wall of precast concrete blocks 
The main disadvantage of the described construction is a peripheral reinforcement, predetermining a large 
deformability, the difficulty of creating the prestressing in the outer shell and a large volume of work. 
 constructive solution of the reservoir with a multilayer wall is interesting [3], including an interior sealing metal 
sheath, an outer bearing shell of interconnected arched elements. The space between the inner and outer bearing 
shells can be filled by plugging material (fig. 3).  
 
Fig. 3. Cross-section of the reservoir 
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This reservoir consists of an inner metal shell - 1, additional inner bearing shell - 2, precast concrete outer shell - 
3, paired rods tendon  - 4, internal anchors - 5, plugging materials - 6. In the illustrated construction of the reservoir 
inside the metal shell and the outer shell of precast concrete are the cayrring elements. The space between the shells 
is pumped by concrete mix, which after curing becomes an additional support layer. The outer shell is made of 
modular reinforced concrete arch from the elements without prestressing. Arched elements are installed inside the 
concave side for a better perception of the hydrostatic pressure is transmitted through the metal shell and tamponing 
layer. The joints of arched elements attached tendons paired reinforcing bars, crimped additional shell and 
tightening _ arched elements. Connection of arched elements occurs by welding rebar, with further monilithing of 
joints. 
Positive aspects of this construction are the following: with the introduction of additional carrier shell and double 
prestressing rods, crimping its increased reliability of the reservoir, as well as increased fire resistance of the 
structure; arched elements due to the curvature of the better perceive the pressure transmitted to them; there is no 
peripheral reinforcement, which simplifies the installation of the reservoir; 
The disadvantages are the following: there is no prestressing in structures that do not allow to use the tank for 
storing a large volume of raw materials; arched outer concrete shell elements have a special shape and fairly large 
size that requires additional resources of manufacturer plant , as well's needed the arched element can not be 
replaced by other forms of concrete elements; form the outer concrete shell does not allow in the case of repairs to 
make a circle amplification using modern plastics technology. 
The objective of the research is development of a new structure of vertical cylindrical reservoir, which will 
eliminate the shortcomings of previous developments, to increase stability and simplify the reservoir's design, to 
increase the volume of stored liquid. 
The marked objectives are achieved in that the outer concrete shell of the proposed reservoir is performed 
multimodulus, wherein the inner bearing sealing metal shell and the outer bearing precast concrete panels are used 
as permanent formwork, which is filled multimodulus prestressing concrete, providing a thickness of equal strength 
wall and create the necessary prestressing both external and the inner shells. The technical result is that the use of 
reinforced concrete panels coupled with prestressing concrete increases the stability of the inner metal wall of the 
sheath that allows to erect large volume reservoirs. Reinforced concrete panel and straining protect the inner metal 
shell from corrosion and increase the fire resistance of reservoir, which is positive for structure, consideration of 
permanent tightening fire safety regulations. 
The essence of the proposed construction is illustrated by drawings, where Fig. 4 shows a cross section of the 
proposed reservoir and housing), reservoir shell fragment b). 
  
Fig. 4. The cross section of reservoir (s), reservoir shell fragment (b) 
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Collapsible monolithic body of reservoir consists of an inner supporting sealing metal shell 1, Multimodulus 
stressing concrete 2 and 3, the outer supporting shell of precast modular concrete panels 4, separation grid 5, steel 
ropes 6 [4,5].  
Base plate is taken as 1800 mm thick in the main part of the transition to 2100 mm near the outer walls (outer 
ring). Multimodulus vertical thickness of the concrete wall is 750 mm. On top of wall ring beam is arranged, 
designed to support the thrust of the concrete dome cover.  The dome itself is also made of reinforced concrete, the 
thickness of it is taken as 600 mm. Inside there is an effective thermal insulating circuit that separates the bearing 
shell from an internal reservoir of 9% strength nickel steel, in which the cryogenic liquid is. 
 
 
Fig. 5. The geometric diagram of the outer shell of reinforced concrete reservoir with a capacity of 200 thousand. m3 LNG 
The current pressure on all internal reservoir planes and with the filled container is added to the hydrostatic 
pressure  188,6g grɪ ɪ ɪ kPa    (fig. 6). 
In the development of methods of calculation of concrete reservoirs one should take into account the effect of the 
stress state of the various layers of the cross section produced by prestressed reinforcement cage and effect a change 
of concrete stress-strain diagram. 
So in reinforced concrete reservoirs with monolayer concrete experiences prior to compressive stresses. 
In each fiber of concrete appears their stress-strain state, characterized by a variable adjustment section stress 
level vi vi v ı RK  . The degree of change diagram «ıɜ - Hɜ» caused by the preliminary (before the operational 
load) concrete voltage depends strongly on the level  v vt K K  of That Each fiber of concrete reinforced concrete 
element graph will be changed (transformed) in different ways. 
In concrete, reinforced concrete structures in general can be implemented one of the four cases, the stress-strain 
state, caused by the subsequent preliminary operating power impacts: Compression - compression, compression - 
tension; tension - compression; stretching - stretching. To account for this phenomenon is proposed to correct 
parameters of concrete stress-strain diagram (Rɜ(ɜt) and HɜR(ɜtR)), multiplying them by respective coefficients ܶRɜ(ɜt) 
and ܶɜ(ɜt). Technique of the account of influence of pre-stress on the chart ıɜ(ɜt) and HɜR(ɜt) is set out in detail in works 
[6,7].  
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Fig. 6. The total pressure within reservoir 
With the three-layer structure of reservoirs of wall concrete experiences triaxial precompression. As it is  shown 
by the experiments [6,7] such effects create a "cage effect" that significantly increases the strength of concrete. 
For the account of this phenomenon suggests the following method. According to a new, higher concrete strength 
values are determined by the formula:  
 *   III   vI Iv v IIIR R V vɄ V     (1) 
 0,005 I
III
ȼ
Ʉ
ȼ
     (2) 
The proposed formulas DI and DIII - concrete classes, respectively, extreme inner and outer layer, dI and of dIII - 
the same thickness of the layers of concrete.  
Limit concrete deformation also increases their new value can be determined by the formula: 
* 1.15vR vRH H    (3) 
In order to determine the optimal thickness of walls, concrete class, the number of valves to perform the 
reinforced concrete shell of a cylindrical reservoir of 200 000 m3 LNG storage were carried out a series of 
calculations of 2-layer walls, 3-layer walls with the data presented in Table 1-3 and Fig. 7-8.  
Calculation of reinforced concrete reservoir shell was carried out in the spatial formulation of the problem using 
the finite element method. The element has five degrees of freedom and can perceive the membrane forces and ıx 
ıy, bending moments in two planes - Mx and My and shear forces Qx and Qy, shear stresses Ĳxy and torque moss 
shell plane Ɇɯɭ. Calculation of the outer bearing shell of the tank is carried out by means of STARK_ES software 
package, designed the structural design of buildings and structures. STARK ES PC allows you to create flat or 
spatial design models of buildings and structures in an interactive graphical and tabular mode; perform static, 
dynamic calculations and calculations on the stability based on the finite element method; perform structural 
calculations of building structures in accordance with SNIP 2.01.07-85 * "Loads and effects", SNIP II-7-81 * 
"Construction in seismic areas", SNIP 2.03.01-84 * "Concrete and reinforced concrete structures", SNIP 52-01-2003 
"Concrete and reinforced concrete structures. Basic provisions ", SP 52-101-2003" Concrete and reinforced concrete 
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constructions without armature voltage ", SNIP II-23-81 *" Steel structures ", as well as with a number of specific 
guidance documents; 
 
Table 1. The program of numerical experiments for single-layer walls 
Composition of 
the two-layer 
constructions 
Wall thickness  ɚ (mm) 
ɚ = 750 ɚ = 675 ɚ = 600 
Composition1 
layer 1: 
 thickness – 0,5 ɚ = 375 mm – ȼ40 
layer 2: 
 thickness – 0,5 ɚ = 375 mm – ȼ40 
layer 1: 
 thickness – 0,5 ɚ = 337,5 mm – ȼ40 
layer 2: 
 thickness – 0,5 ɚ = 337,5 mm – ȼ40 
layer 1: 
 thickness – 0,5 ɚ = 300 mm – ȼ40 
layer 2: 
 thickness – 0,5 ɚ = 300 mm – ȼ40 
Composition2 
layer 1:  
thickness – 0,5 ɚ = 375 mm – ȼ60 
layer 2:  
thickness – 0,5 ɚ = 375 mm – ȼ60 
layer 1:  
thickness – 0,5 ɚ = 337,5 mm – ȼ60 
layer 2:  
thickness – 0,5 ɚ = 337,5 mm – ȼ60 
layer 1:  
thickness – 0,5 ɚ = 300 mm – ȼ60 
layer 2:  
thickness – 0,5 ɚ = 300 mm – ȼ60 
Composition3 
layer 1: 
 thickness – 0,5 ɚ = 375 mm – ȼ40 
layer 2:  
thickness – 0,5 ɚ = 375 mm – ȼ20 
layer 1:  
thickness – 0,5 ɚ = 337,5 mm – ȼ40 
layer 2:  
thickness – 0,5 ɚ = 337,5 mm – ȼ20 
layer 1: 
 thickness – 0,5 ɚ = 300 mm – ȼ40 
layer 2:  
thickness – 0,5 ɚ = 300 mm – ȼ20 
Composition4 
layer 1:  
thickness – 0,5 ɚ = 375 mm – ȼ50 
layer 2:  
thickness – 0,5 ɚ = 375 mm – ȼ15 
layer 1:  
thickness – 0,5 ɚ = 337,5 mm – ȼ50 
layer 2: 
thickness – 0,5 ɚ = 337,5 mm – ȼ15 
layer 1:  
thickness – 0,5 ɚ = 300 mm – ȼ50 
layer 2:  
thickness – 0,5 ɚ = 300 mm – ȼ15 
Composition5 
layer 1: 
 thickness – 0,5 ɚ = 375 mm – ȼ60 
layer 2: 
 thickness – 0,5 ɚ = 375 mm – ȼ10 
layer 1:  
thickness – 0,5 ɚ = 337,5 mm – ȼ60 
layer 2:  
thickness – 0,5 ɚ = 337,5 mm – ȼ10 
layer 1: 
thickness – 0,5 ɚ = 300 mm – ȼ60 
layer 2:  
thickness – 0,5 ɚ = 300 mm – ȼ10 
Composition6 
layer 1:  
thickness – 0,4 ɚ = 300 mm – ȼ40 
layer 2:  
thickness – 0,6 ɚ = 450 mm – ȼ20 
layer 1:  
thickness – 0,4 ɚ = 270 mm – ȼ40 
layer 2:  
thickness – 0,6 ɚ = 405 mm – ȼ20 
layer 1:  
thickness – 0,4 ɚ = 240 mm – ȼ40 
layer 2:  
thickness – 0,6 ɚ = 360 mm – ȼ20 
Composition7 
layer 1:  
thickness – 0,4 ɚ = 300 mm – ȼ50 
layer 2:  
thickness – 0,6 ɚ = 450 mm – ȼ15 
layer 1:  
thickness – 0,4 ɚ = 270 mm – ȼ50 
layer 2:  
thickness – 0,6 ɚ = 405 mm – ȼ15 
layer 1:  
thickness – 0,4 ɚ = 240 mm – ȼ50 
layer 2: 
thickness – 0,6 ɚ = 360 mm – ȼ15 
Composition8 
layer 1:  
thickness – 0,4 ɚ = 300 mm – ȼ60 
layer 2:  
thickness – 0,6 ɚ = 450 mm – ȼ10 
layer 1:  
thickness – 0,4 ɚ = 270 mm – ȼ60 
layer 2:  
thickness – 0,6 ɚ = 405 mm – ȼ10 
layer 1:  
thickness – 0,4 ɚ = 240 mm – ȼ60 
layer 2: 
thickness – 0,6 ɚ = 360 mm – ȼ10 
Composition9 
layer 1:  
thickness – 0,3 ɚ = 225 mm – ȼ40 
layer 2:  
thickness – 0,7 ɚ = 525 mm – ȼ20 
layer 1:  
thickness – 0,3 ɚ = 202,5 mm – ȼ40 
layer 2:  
thickness – 0,7 ɚ = 472,5 mm – 
layer 1:  
thickness – 0,3 ɚ = 180 mm – ȼ40 
layer 2:  
thickness – 0,7 ɚ = 420 mm – ȼ20 
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Composition10 
layer 1:  
thickness – 0,3 ɚ = 225 mm – ȼ50 
layer 2:  
thickness – 0,7 ɚ = 525 mm – ȼ15 
layer 1:  
thickness – 0,3 ɚ = 202,5 mm – ȼ50 
layer 2:  
thickness – 0,7 ɚ = 472,5 mm – ȼ15 
layer 1:  
thickness – 0,3 ɚ = 180 mm – ȼ50 
layer 2:  
thickness – 0,7 ɚ = 420 mm – ȼ15 
Composition11 
layer 1:  
thickness – 0,3 ɚ = 225 mm – ȼ60 
layer 2:  
thickness – 0,7 ɚ = 525 mm – ȼ10 
layer 1:  
thickness – 0,3 ɚ = 202,5 mm – ȼ60 
layer 2:  
thickness – 0,7 ɚ = 472,5 mm – ȼ10 
layer 1:  
thickness – 0,3 ɚ = 180 mm – ȼ60 
layer 2:  
thickness – 0,7 ɚ = 420 mm – ȼ10 
Composition12 
layer 1:  
thickness – 0,2 ɚ = 150 mm – ȼ40 
layer 2:  
thickness – 0,8 ɚ = 600 mm – ȼ20 
layer 1:  
thickness – 0,2 ɚ = 135 mm – ȼ40 
layer 2:  
thickness – 0,8 ɚ = 540 mm – ȼ20 
layer 1:  
thickness – 0,2 ɚ = 120 mm – ȼ40 
layer 2:  
thickness – 0,8 ɚ = 480 mm – ȼ20 
Composition13 
layer 1:  
thickness – 0,2 ɚ = 150 mm – ȼ50 
layer 2:  
thickness – 0,8 ɚ = 600 mm – ȼ15 
layer 1:  
thickness – 0,2 ɚ = 135 mm – ȼ50 
layer 2:  
thickness – 0,8 ɚ = 540 mm – ȼ1 
layer 1:  
thickness – 0,2 ɚ = 120 mm – ȼ50 
layer 2:  
thickness – 0,8 ɚ = 480 mm – ȼ15 
Composition14 
layer 1:  
thickness – 0,2 ɚ = 150 mm – ȼ60 
layer 2:  
thickness – 0,8 ɚ = 600 mm – ȼ10 
layer 1:  
thickness – 0,2 ɚ = 135 mm – ȼ60 
layer ɣ 2:  
thickness – 0,8 ɚ = 540 mm – ȼ10 
layer 1:  
thickness – 0,2 ɚ = 120 mm – ȼ60 
layer 2: 
thickness – 0,8 ɚ = 480 mm – ȼ10 
 
PC STARK ES provides the ability to edit and create new models of buildings and structures as directly on the 
finite element level, and by a preliminary description of the structural model consisting of construction elements, 
followed by automatic generation of the finite element model. Postprocessors program functions allow to see the 
results of calculations and perform the analysisors in a simple and understandable form. The program provides an 
opportunity to create a multi-layer design schemes of rod and plate elements; The spatial model of the reservoir is 
made up of finite elements of type "shell", with 5 degrees of freedom. The size of the finite element varied from 600 
to 750 mm. 
Table 2. The results of the rational reinforcement of investigated shells of 2-layer construction 
Composition of  
the two-layer 
constructions 
Wall thickness (mm) 
750 675 600 
The minimum 
diameter (mm) 
Area reinforcement 
in the 1 m.p. wall  
(m2/m) 
The minimum 
diameter (mm) 
Area reinforcement 
in the 1 m.p. wall  
(m2/m) 
The minimum 
diameter (mm) 
Area reinforcement in 
the 1 m.p. wall  
(m2/m) 
Composition1  ݊12 with step 150 mm 0.000754 
݊ 10 with step 
500 mm 0.000157 
݊ 16 with step 
150 mm 0.00134 
Composition2  ݊10 with step 150 mm 0.000526 
݊ 16 with step 
150 mm 0.00134 
݊ 10 with step 
150 mm 0.000526 
Composition3  ݊20 with step 150 mm 0.002095 
݊ 14 with step 
150 mm 0.00103 
݊ 10 with step 
150 mm 0.000526 
Composition4  ݊12 with step 150 mm 0.000754 
݊ 12 with step 
150 mm 0.000754 
݊ 12 with step 
150 mm 0.000754 
Composition5  ݊10 with step 150 mm 0.000526 
݊ 18 with step 
150 mm 0.0017 
݊ 12 with step 
150 mm 0.000754 
Composition6  ݊12 with step 150 mm 0.000754 
݊ 10 with step 
150 mm 0.000526 
݊ 12 with step 
150 mm 0.000754 
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Composition7  ݊12 with step 150 mm 0.000754 
݊ 12 with step 
150 mm 0.000754 
݊ 10 with step 
200 mm 0.00039 
Composition8  ݊10 with step 300 mm 0.000263 
݊ 12 with step 
150 mm 0.000754 
݊ 10 with step 
300 mm 0.000263 
Composition9  ݊10 with step 300 mm 0.000263 
݊ 10 with step 
400 mm 0.000197 
݊ 10 with step 
400 mm 0.000197 
Composition10  ݊10 with step 500 mm 0.000157 
݊ 10 with step 
400 mm 0.000197 
݊ 10 with step 
400 mm 0.000197 
Composition11  ݊10 with step 300 mm 0.000263 
݊ 10 with step 
300 mm 0.000263 
݊ 10 with step 
300 mm 0.000263 
Composition12  ݊10 with step 500 mm 0.000157 
݊ 10 with step 
500 mm 0.000157 
݊ 10 with step 
150 mm 0.000526 
Composition13  ݊10 with step 500 mm 0.000157 
݊ 10 with step 
500 mm 0.000157 
݊ 10 with step 
300 mm 0.000263 
Composition14  ݊10 with step 500 mm 0.000157 
݊ 10 with step 
800 mm 0.0000986 
݊ 10 with step 
150 mm 0.000526 
Table 3. The results of the rational reinforcement investigated shells 3-ply construction 
Compositions of 
the three –layer 
construction 
Wall thickness (mm) 
750 675 600 
The minimum 
diameter (mm) 
Area reinforcement 
in the 1 m.p. wall  
(m2/m) 
The minimum 
diameter (mm) 
Area reinforcement in 
the 1 m.p. wall  (m2/m) 
The minimum 
diameter (mm) 
Area reinforcement in 
the 1 m.p. wall  
(m2/m) 
Composition1 ݊ 10 with step 500 mm 0.000157 
݊ 10 with step 
600 mm 0.000131 
݊ 10 with step 
700 mm 0.000112 
Composition2 ݊ 10 with step 600 mm 0.000131 
݊ 10 with step 
400 mm 0.000197 
݊ 10 with step 
500 mm 0.000157 
Composition3 ݊ 10 with step  900 mm 0.0000876 
݊ 10 with step 
300 mm 0.000263 
݊ 10 with step 
1000 mm 0.0000789 
Composition4 ݊ 10 with step 300 mm 0.000263 
݊ 12 with step 
150 mm 0.000754 
݊ 10 with step 
500 mm 0.000157 
Composition5 ݊ 10 with step 300 mm 0.000263 
݊ 10 with step 
700 mm 0.000112 
݊ 10 with step 
600 mm 0.000131 
Composition6 ݊ 10 with step  150 mm 0.000526 
݊ 10 with step 
150 mm 0.000526 
݊ 10 with step 
800 mm 0.0000986 
Composition7 ݊ 10 with step 300 mm 0.000263 
݊ 10 with step 
150 mm 0.000526 
݊ 10 with step 
600 mm 0.000131 
Composition8 ݊ 10 with step 300 mm 0.000263 
݊ 10 with step 
900 mm 0.0000876 
݊ 10 with step 
600 mm 0.000131 
Composition9 ݊ 10 with step 600 mm 0.000131 
݊ 10 with step 
700 mm 0.000112 
݊ 10 with step 
700 mm 0.000112 
Composition10 ݊ 10 with step 700 mm 0.000112 
݊ 10 with step 
700 mm 0.000112 
݊ 10 with step 
800 mm 0.0000986 
Composition11 ݊ 10 with step 500 mm 0.000157 
݊ 10 with step 
800 mm 0.0000986 
݊ 10 with step 
1000 mm 0.0000789 
Composition12 ݊ 10 with step 150 mm 0.000526 
݊ 10 with step 
500 mm 0.000157 
݊ 10 with step 
150 mm 0.000526 
Composition13 ݊ 10 with step 300 mm 0.000263 
݊ 10 with step 
500 mm 0.000157 
݊ 10 with step 
700 mm 0.000112 
Composition14 ݊ 10 with step 300 mm 0.000263 
݊ 10 with step 
500 mm 0.000157 
݊ 10 with step 
400 mm 0.000197 
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2. Illustrations 
 
Fig. 7. Change the value of As / Ab between variants in thickness 2-layer reservoir wall 
 
Figure 8. Change the value of As / Ab between variants in thickness 3-layer reservoir wall 
3. Conclusion 
Results of calculations allow us to recommend the most rational design wall two- and three-layer reservoirs. 
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